OBJECTIVE: To determine if energy intake underreporting concerns all major food groups or if it occurs for speci®c food groups only. DESIGN: Cross-sectional study on dietary habits and food consumption. SUBJECTS: Five-hundred and four women and 529 men, aged between 25 and 55 y participating in the Fleurbaix Laventie Ville Sante Â study. MEASUREMENTS: A nutritional survey was conducted between March and June 1993 using a 3-day food record. Reported weight and height were used to estimate body mass index and basal metabolic rate. Underreporters were de®ned as subjects whose ratio of mean energy intake to basal metabolic rate was lower than 1.05. Food consumption was compared between underreporters and non-underreporters. RESULTS: Energy percentage of fat and carbohydrate were lower in underreporters than in non-underreporters in contrast to the energy percentage of protein. This was due to the fact that food items rich in fat andaor carbohydrates (such as butter, French fries, sugars and confectionery, cakes and pastries) were reported to be less frequently eaten andaor in smaller quantities in underreporters compared to non-underreporters. CONCLUSION: Although this study presents some limitations, like the use of reported weight and a standard value for physical activity, it shows that reported foods differed, quantitatively and qualitatively, between severe underreporters and non-underreporters. Underreporting of food intake does not result from a systematical underestimation of portion sizes for all food items, but seems to concern speci®c food items which are generally considered`bad for health'.
Introduction
Food consumption is frequently assessed in studies on the etiology of chronic diseases. The majority of these nutritional studies rely on self-reported methods and are liable to several potential biases. 1 In particular, self-reported energy intake is often underestimated. Doubly labelled water methods can be used to validate the estimated energy intake, but its costs and complexity do not allow it to be used in large epidemiological studies. A simple method developed by Goldberg et al 2 based on the ratio of energy intake to estimated basal metabolic rate (EI : BMR) can be used to identify weight-stable subjects who severely underestimate their energy intake. In a review, Black et al 3 concluded that underreporting of energy intake was observed in a great majority of nutritional surveys, whatever technique was employed. Some studies have shown that associations of nutritional factors with clinical, biological or socioeconomic parameters, 4, 5 are modi®ed when underreporters are excluded from analysis, especially in surveys on obesity. A better description of underreporters and their food habits may help to reduce the bias induced by underreporting in nutritional epidemiology.
In a previous study, 6 we observed that about 16% of a free-living population from Northern France were underreporters. As found in other studies, 7, 8 the prevalence of underreporting increased with body mass index but underestimation of energy intake was not con®ned to overweight subjects; it was strongly associated with dieting, cognitive dietary restraint and socioprofessional class. Although the characteristics of subjects who underreport their food intake have been well documented, 6 ,7,9 ± 11 the type of underreported foods and the causes of underreporting remain poorly understood. Heitmann and Lissner 8 have shown that the underestimation of energy intake is not linked to underreporting of protein intake and concluded that an underestimation of foods rich in fat andaor carbohydrates may have caused the underestimation of energy intake. Few studies have focused on the description of food items reported by underreporters. 9, 10, 12 Bingham et al 12 found that carbohydrate-rich foods like cakes, sugars and confectionery were less reported by underreporters, whereas vegetables, fruit and ®sh were reported similarly by underreporters and non-underreporters. Poppitt et al 13 found that food items eaten between meals were less frequently reported by underreporters, in both obese and non-obese subjects. Nevertheless, these studies did not differentiate qualitative and quantitative underestimation.
To verify the hypothesis that food items rich in fat andaor carbohydrates, those eaten as snacks and those considered`bad for health' are speci®cally underestimated by subjects who underreported their energy intake, we compared food consumption between underreporters (UR) and non-underreporters (non-UR), in both qualitative and quantitative terms, by taking into account confounding factors.
Material and methods

Subjects
The subjects of this survey were 1175 parents of the children included in the Fleurbaix Laventie Ville Sante Â study, a 5-year prospective study in Northern France evaluating the impact of a nutritional education at school on the eating behaviour of children and their family. The main sociodemographic characteristics of this population have been detailed elsewhere. 6, 14 After exclusion of 18 pregnant women, and 81 women and 43 men who indicated that they had lost weight over the last 2 months, 504 women and 529 men remained and were included in the present study.
The Fleurbaix Laventie Ville Sante Â study was approved by the ethical committee (Comite Â Consultatif de Protection des Personnes dans la Recherche Biome Âdicale, CCPPRB) of Lens and by the French Commission Nationale Informatique et Liberte Âs (CNIL). All subjects gave their written informed consent.
Dietary assessment and de®nition of underreporters
Nutritional data were collected using a 3-day food record. Subjects had to report all the foods and beverages consumed at meals and between meals during two weekdays and one day of the weekend. They had to estimate portion sizes using household measures. Nine trained dieticians gave instructions on how to ®ll out the food records at a ®rst home visit, and collected and checked the records at a second visit. Foods were coded and household measures were converted to grammes or millilitres. Nutrient intake was calculated using the French food composition tables`Re Âpertoire ge Âne Âral des aliments' 15 and the McCance and Widdowson's food composition tables. 16 The mean of the three recorded days was used in the analyses. An autoquestionnaire on socioprofessional class, current body weight and height, weight preoccupations and weight history was also completed by participants. Basal metabolic rate (BMR est ) was estimated according to Scho®eld's equations 17 and the ratio of mean energy intake (EI) to the estimated basal metabolic rate (EI : BMR est ) was used to de®ne UR. Using Goldberg's criterion, 2 UR were subjects whose EI : BMR est was lower than 1.05. Further details on the procedure of the nutritional survey and the de®nition of underreporters are given elsewhere. 6, 14 
Data analysis
The food composition table contained 530 different foods but, for analysis, some items were combined, resulting in a total of 326 food items. The food consumptions were available for a whole day, not by meal. The food groups and food items studied were: vegetables, green vegetables only, fruit, milk, yoghurt, cheese, dairy desserts, butter, vegetable fat, meat, processed meat, eggs, ®sh, breakfast cereals, pasta and rice, potatoes (except French fries), French fries, bread, sugars and confectionery, cakesapastriesa biscuits, fat-reduced foods, sweet beverages (including sodas, fruit juice, etc.), sodas only, fruit juice only, beer, wine and other alcoholic drinks. The classi®ca-tion of foods is shown in Appendix 1. The macronutrient composition of the speci®c food groups and food items is shown in Appendix 2.
The percentages of men and women who reported consuming at least once a given food item or one item of a given group, were compared between UR and Non-UR, using logistic regression procedures. Reported portion sizes were compared using general linear model procedures. Subjects who did not report consumption of a given food item or at least one item of the given food group were not included in the latter analyses. As age, body mass index (BMI weightaheight 2 ) and socioprofessional class are strongly associated with eating habits and energy intake underestimation, 6 analyses were adjusted for these three parameters by including them in the regression models. The contributions of macronutrient to energy intake and those of the three main meals and collations to energy intake were compared between UR and non-UR using a multivariate analysis of variance. Data are presented as adjusted percentages and means and standard error of the mean for portion sizes. Analyses were performed using SAS software. 18 
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Results
Underreporting of food intake involved 81 women and 85 men. UR were, on average, older than non-UR, had a higher mean BMI and were, in men, more frequently from a high socioprofessional class (Table 1) . Weight preoccupations were more frequently reported by UR than by non-UR. The distribution of energy intake according to macronutrients was globally different between UR and non-UR (Wilk's criterion 28.8, P`0.0001 in men and Wilk's criterion 27.5, P`0.0001 in women). The contribution of protein was signi®cantly higher in UR and was balanced by a lower contribution of fat and of carbohydrates, especially. In men only, the percentage of energy from alcohol was higher in UR than in non-UR. Absolute intakes of fat, protein and carbohydrates were lower in UR than in non-UR (Table 1) .
Nevertheless, the differences between UR and non-UR were greater for fat and carbohydrates than for protein. Absolute intake of alcohol did not differ between UR and non-UR in men and was slightly higher in non-UR women. The repartition of energy intake according to breakfast, lunch, dinner and collations was globally different between UR and non-UR (Wilk's criterion 4.0, P`0.01 in men and Wilk's criterion 4.1, P`0.01 in women). The contribution of snacks and collations to energy intake was lower in UR than in non-UR in both women and men. The contributions of lunch in men and of dinner in women were higher in UR (Figure 1) .
The median of the distribution of the number of recorded food items in the whole population was 31. In UR, only 19% (in both women and men) recorded more than 31 items, whereas this was 53% in non-UR (P`0.001).
Butter, dairy desserts, sugars and confectionery, cakesapastryabiscuits, French fries and to a lesser extent fruit, were statistically less frequently reported by both female and male UR (Table 2 ). Eggs and potatoes were less frequently reported by women who underestimated their food intake, while male UR reported milk less frequently. Other food items like vegetables, green vegetables, ®sh and meat were reported with a similar frequency by UR and non-UR. Fat-reduced foods were reported more frequently by UR than by non-UR, but the difference did not reach statistical signi®cance.
Sweet beverages were less frequently reported by UR than by non-UR, as were sodas and fruit juice (Table 3) . Among alcoholic beverages, beer was less frequently reported by UR, in men only. Wine and the other alcoholic drinks were reported with a similar frequency.
The reported portion sizes of cheese, butter, processed meats, potatoes, French fries, bread, sugars and confectionery, cakesapastryabiscuits, and pasta and rice were lower for UR than for non-UR, in both men and women (Table 4) . In women only, vegetable fats were reported in lower quantities by UR. Although the differences were not statistically signi®-cant, fat-reduced foods, ®sh and green vegetables were reported with greater portion sizes by UR, in both men and women. Yoghurt was reported with signi®cantly larger portion sizes by UR, in women. There was no statistically signi®cant difference in the portion sizes of recorded beverages between UR and non-UR (Table 5) . %EI: percentage of total energy intake. *P`0.05; **P`0.01; ***P`0.001 between UR and non-UR.
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Discussion
The aim of the present study was to compare food consumption between UR and non-UR in a free-living population after taking into account confounding factors such as age, body mass index and socioprofessional class. Our results show that underreporting of energy intake is related to three phenomena which are linked: underreporting of some speci®c food items, underestimation of food size of some foods, and underreporting of snacks. It must be pointed out, however, that there may have been some subjects who have reported their energy intake correctly but underreported the intake of one speci®c macronutrient while overreporting the two others. There is however no simple method to determine underreporting of speci®c macronutrients and we have to underline that the results of this study concern only subjects who underestimated their energy intake. Furthermore, only severe underreporters were studied here. By using a cut-off value of 1.05, as suggested by Goldberg, 2 based on the assumption that the mean physical activity level was 1.55, some underreporters may have been de®ned as correctly reporting their energy intake but this way the probability of having a correct reporting subject de®ned as an UR was very low. Finally, it is important to notice that by using reported weight and height, which have been shown to be frequently under-and over-estimated respectively, 19 the prevalence of UR may be underestimated. Thus, our results concern only severe underreporters in a particular population of parents aged between 25 and 55 and cannot be extrapolated to the whole French population.
On average, women and men UR reported respectively seven and ®ve food items less than non-UR. This underreporting was food-item speci®c. Food items which were qualitatively underestimated were rich in fat andaor in carbohydrates (butter, French fries, sugars and confectionery, cakesapastriesabiscuits, etc.) while foods rich in protein (meat, vegetables, etc.), were reported as frequently in UR and non-UR.
The majority of food groups less frequently recorded by UR were also reported with lower portion sizes. Some foods were reported with a similar frequency but with lower portion sizes; this concerned cheese, processed meat, bread, pasta and rice (and potatoes in men only and vegetable fats in women). On the other hand, several food items or groups, like vegetables, especially green vegetables, meat and ®sh, were reported with similar frequencies and quantities Figure 1 Contribution of breakfast, lunch, dinner and snacks to total daily energy intake in underreporters (UR), and non-underreporters (non-UR), for men and women. *P`0.05; **P`0.01; ***P`0.001 between UR and non-UR. Underreporting of food items L Lafay et al by UR. Although differences did not reach signi®-cance, fat-reduced foods were reported more frequently and in greater portion sizes by UR. Contribution of alcohol to energy intake was found to be similar in both UR and non-UR women, but higher in men who underestimated their energy intake compared to those who did not. Bingham also found no difference in alcohol intake between UR and non-UR. 20 We may hypothesize that reasons for alcohol underestimation are probably different from those for energy intake. Underestimation of alcohol intake probably concerns other subjects than those who underestimate their energy intake.
As reported by others, 9,10,12,21 UR were found to have a higher protein intake and a lower intake of both fat and carbohydrates. This is in line with the observation that UR had lower contributions from snacks to their energy intake balanced by higher contributions of the main meals, especially lunch and dinner. Among the food items reported less frequently or with smaller portion sizes by underreporters, a lot of them are easily consumed between meals, like confectioneries, cakes, pastries and biscuits, and sweet beverages. These results are concordant with those found in an experimental survey in a metabolic facility; only foods eaten as snacks and rich in carbohydrates were underreported. 13 However, this study was realized in a small sample of women under very speci®c conditions which differ from free-living conditions. The authors concluded that the underreporting of energy intake in their study was due to dif®culties for subjects in remembering what they had eaten between meals. However, in our study, like in those from Pryer 10 and Bingham, 12 underreporting was not limited to foods eaten between meals; some foods central to a meal such as French fries, bread, potatoes, pasta and rice were, especially quantitatively, less recorded by UR.
The fact that UR reported some food items less frequently, while they recorded them with similar (6) 62 (11) 23 (6) 35 (12) Mean (s.e.m.); *P`0.05; **P`0.01; ***P`0.001 between UR and non-UR. Underreporting of food items L Lafay et al portion sizes and the fact that they reported some items with a higher portion size, tends to show that food intake underreporting does not only result from inaccurate portion sizes estimates. Even if we cannot exclude this kind of error, it does not appear to be the main reason for underreporting. In a recent study, Macdiarmid and Blundell 22 investigated why people underreport their food intake. They could classify subjects who admitted underreporting into two main groups: those for whom the recording of a normal intake was inconvenient but their mean EI : BMR was 1.50 so that they were not de®ned as underreporters by our criterion. The second group admitted underreporting for reasons of guilt and they had a lower mean EI : BMR (1.20), which corresponds to the cutoff used to de®ne underreporting in epidemiologic studies. This latter group was characterized by a high dietary restraint, which is in line with the welldocumented association of underreporting with dietary restraint or weight concern. 6,11,23 Restraint subjects associate a higher level of guilt with many common foods than unrestrained subjects. 24 Subjects who had higher weight¯uctuations and especially those who were very concerned with dieting, reported also more anxiety, discomfort and guilt when eating speci®c foods. 25 On contrary to non-dieters, dieters feel guilty with both sweet and salt snacks and with high caloric and high-fat foods. 26 Food items generally considered`bad for health' (butter, French fries, etc.) were less reported by UR than food items frequently considered`good for health' (fat-reduced foods, vegetables, etc). Nevertheless, in our study, no data concerning food perception was available. As UR felt more concerned about their weight and their image, we may assume that they were also more concerned about their diet, 12, 23 and that they were more prone to modifying their diet during the recording days. We may also assume that, instead of really modifying their diet UR underreport speci®c foods in order to appear in a socially favourable light. 27 In conclusion, for nutrition research, data should be analysed with and without exclusion of the subjects with a high probability of underreporting. The results of this study also point out to the need to train dieticians or interviewers to obtain valid data on consumption of especially snacks and foods with a bad image. It also appears that questions about attitude towards food, food perceptions, social desirability and speci®c questions about snacking habits are necessary in dietary surveys. 
